arene (1) was synthesised in two steps starting from 25,26,27,28-tetra-n-propoxycalix[4]arene, and the structure of 1 was determined by X-ray diffraction. Compound 1 was desilylated (K 2 CO 3 ) to give 5,11,17,23-tetrakis(ethynyl)-25,26,27,28-tetra-n-propoxycalix[4]arene (2), which was tetra-aurated under basic conditions (NaOEt, THF) with a series of phosphane-gold chlorides (o-Tol 3 PAuCl, Ph 3 PAuCl, Ph 2 MePAuCl, PhMe 2 PAuCl, Me 3 PAuCl, Cy 3 PAuCl, t-Bu 3 PAuCl) to afford in good to excellent yields the tetra-aurated tetraethynylcalix [4]arene species 3-9 in one step [with phosphane ligands o-Tol 3 P (3), Ph 3 P (4), Ph 2 MeP (5), PhMe 2 P (6), Me 3 P (7), Cy 3 P (8), t-Bu 3 P (9)]. All compounds were characterised by 1 H NMR and infrared spectroscopy, mass spectrometry and by elemental analyses, additionally 3, 4, 5, 8 and 9 by 13 C{ 1 H}, and 3-6, 8 and 9 by 31 P{ 1 H} NMR spectroscopy. The molecular structures of complexes 3 and 9 were determined by X-ray diffraction and show pinched-cone conformations, but neither intra-nor intermolecular attractive aurophilic Au···Au contacts. The acceptor ability of complexes 3 and 9 was investigated by complexation attempts with various phosphane-gold chlorides and xenon gas under pressure, but interactions could not be determined experimentally. The formation of a complex between xenon and gilded calix[4]arene could, however, be predicted for fluorine-substituted species and with very small phosphane ligands (PH 3 ) on the basis of quantum-chemical calculations; the energy of formation is 9.6 kJ mol −1 . The crystal structure of Ph 2 MePAuCl was also determined and shows Au···Au-bonded dimers.
Introduction
Host-guest chemistry of macrocyclic ligands is an established part of macromolecular chemistry. It developed since Pedersen's reports on potassium crownether complexes in 1967 [1] . Today we know more than 5000 crown-type systems [2] and three-dimensional cryptands [3] and together with the myriad of polydentate ligands for metal complexation this comprises an immense body of polydonor molecules. The reverse situation, poly-Lewis acids, is much less well developed. Such systems typically contain a number of metal or other Lewis-acidic functions (e. g. based on boron, silicon etc.) arranged in a way to allow reverse complexation of a Lewis-basic entity. One of the reasons for the present paucity of variety in polyLewis acids can be seen in the fact that they require donor-free frameworks to carry the Lewis-acid functions, and such frameworks are practically restricted to hydrocarbons or organosilanes (and possibly boranes and carbaboranes). Despite the overwhelming dominance of poly-Lewis bases, a considerable number of known poly-Lewis acids include systems based on silicon [e. g. 4] , tin [e. g. 5] , mercury [e. g. 6 -10] as well as boron [e. g. 9 -16] , aluminium [17 -22] , gallium [18 -21] and indium [23] as Lewis-acid functions. Within this selection such compounds are of particular interest, in which the metal functions are placed in a defined geometrical arrangement, i. e. where such functions are bonded to more or less rigid frameworks and ready to work as acceptors in a concerted way.
Besides classical donor-acceptor functionality, molecular recognition can also be based on other types of weak bonding, e. g. dispersive forces like the principle of metallophilicity. The main objects of study in this context are polynuclear gold(I) complexes. The phenomenon of aurophilicity has attracted multifaceted attention in recent years [24 -30] . Isocyanide and alkynyl organogold(I) complexes are generally photoluminescent, and applications of these classes of compounds include the development of cluster compounds [31] as well as of mesogenic [32] and polymorphic materials [33] . They have also been used to construct new chemosensors [34] . This concept was used to construct metal-ion sensing compounds which are based on the principle to switch Au···Au interactions of dinuclear gold(I) complexes on and off, when bridging diphosphanes and crown ether-functionalised thiolate ligands complex metal ions [35, 36] . Calixarene compounds have also widely been employed in chemosensing work [37] and have already been envisaged as well-suited building blocks for the construction of oligo-nuclear gold(I) scaffolds that allow for selective chemosensing due to defined Au···Au distances [38] .
Results and Discussion

Synthesis
In order to place four metal atoms on one side of a molecule that point into the same direction, we chose calix [4] arenes with fixed conformations as backbones. The synthetic access to cone -5,11,17,23-tetraethynyl-25,26 ,27,28-tetra-n-propoxy-calix [4] arene is well Scheme 1. established. Starting with 25,26,27,28-tetrahydroxycalix [4] arene, the OH function can be protected in a classical Williamson ether formation reaction [39, 40] . Tetra-iodation to cone -5,11,17, 23-tetraiodo-25,26 ,27,28-tetra-n-propoxy-calix [4] arene was achieved by a protocol of Mattay et al. using iodine, sodium peroxodisulphate and tetramethylammonium iodide as reagents [41] . This tetraiodide was then subjected to a Sonogashira coupling reaction with trimethylsilylacetylene [42] (Scheme 1) resulting in 5,11,17,23-tetrakis(trimethylsilylethynyl)-25,26,27,28-tetra-n-propoxycalix [4] arene (1) . Deprotection was achieved by treatment with base (K 2 CO 3 ) in 91 % yield. In this way tetraethynylcalix [4] arene (2) is available in a yield of 43 % over all four steps of synthesis. Details of its characterisation are provided in the Experimental Section.
The de-protected 5,11,17,23-tetrakis(ethynyl)-25,26,27,28-tetra-n-propoxycalix [4] arene (2) was subsequently reacted in the presence of sodium ethoxide as a base with a series of phosphane-gold chlorides of different steric demand at the phosphorus function (Scheme 2). The reactions proceeded generally in good to excellent yields to afford the tetra-aurated species 3-9 in one step.
Some of the compounds are of extremely low solubility in common organic solvents, which restricted their analysis by solution-based methods. The tetrakisgold(I)acetylide compounds were characterised by 1 H (3-9), 13 C{ 1 H} (3, 4, 5, 8, 9) and 31 P{ 1 H} NMR (3-6, 8, 9) spectroscopy, by infrared spectroscopy (3-9), mass spectrometry (3-9), elemental analyses (3) (4) (5) (6) (7) (8) (9) , and by X-ray diffraction of single crystals (3 and 9) .
The presence of a cone conformation, i. e. the conformational stability during auration, follows from the occurrence of a single set of resonances in the 1 H NMR spectra. The hydrogen atoms of the methylene groups Scheme 2. bridging the arene units in the calix [4] 
Crystal structures
During these studies we obtained single-crystalline material suitable for structure determination by X-ray diffraction of the tetra-gold complexes 3 and 9 as well as of the synthetic intermediate tetrakis(silylethynyl)calixarene 1 and the phosphanegold chloride precursor (Me 2 PhP)AuCl, which we report here.
Tetrakis(silylethynyl)calixarene 1
The molecular structure of the trimethylsilyl precursor 1 was determined by single-crystal X-ray diffraction ( Fig. 1) and proves, besides spectroscopic evidence, the presence of the cone-conformation. Some Table 1 . Selected bond lengths and angles of 5,11,17,23-tetrakis(trimethylsilylethynyl)-25,26,27,28-tetra-n-propoxycalix [4] arene (1) . selected structure parameters are provided in Table 1 .
Most of them are of standard values and deserve no detailed comments. Notable are the deviations from linearity in the C-C-Si units, which is more pronounced for the units involving Si (1) and Si(3), which belong to trimethylsilyl groups that are forced into close proximity by the conformation of the calix [4] arene skeleton. In order to describe the conformation of calix [4] arenes quantitatively in terms of structural parameters we have defined a tilt angle τ between the mean plane of a benzene ring and the mean plane defined by the O-bound (ipso) and para-positioned carbon atoms of its neighbouring benzene rings ( Fig. 1 ) [43] . Planes intersecting above the wide rim define negative tilt angles τ, those intersecting below are positive. For symmetric conformations, τ is half the interplanar angle between the planes defined by two opposing benzene rings. The pseudo-symmetry of the cone-conformation of 1 is therefore described by pairwise similar tilt angles τ of −11.3 and −8.4 • for the benzene rings containing C(6) and C (20) , and 50.4 and 51.5 • for those containing C(13) and C (27) .
(Ph 2 MeP)AuCl
The reported structures of the phosphanegold chlorides with sterically demanding substituents at phosphorus, for example (o-Tol 3 P)AuCl [44] , (Ph 3 P)AuCl [45], (Cy 3 P)AuCl [46] and (t-Bu 3 P)AuCl [47] do not show significant Au···Au interactions. In contrast, the structure of (PhMe 2 P)AuCl [48] features such attractive aurophilic Au···Au interactions with a distance of 3.262 Å. Similarly the arrangement of the molecules of (Me 3 P)AuCl in the solid phase is governed by Au···Au interactions, leading to the formation of helical chains with Au···Au distances of 3.271, 3.356 and 3.386 Å. In the context of this work we obtained crystals of (Ph 2 MeP)AuCl by slow evaporation of the solvent of a solution in CDCl 3 of this compound (in an NMR tube) and thus were able to determine its crystal structure (Fig. 2) .
(Ph 2 MeP)AuCl crystallises in the triclinic space group P1 with two independent molecules in the asymmetric unit. The structure is shown in Fig. 2 . The distance of 3.080(1) Å between Au(1) und Au(2) is shorter than those in (PhMe 2 P)AuCl and (Me 3 P)AuCl. Considering the steric demand of the phosphane ligand, (Ph 2 MeP)AuCl is intermediate between (Ph 3 P)AuCl (no Au···Au interactions) and (Me 2 PhP)AuCl (with longer Au···Au interactions).
The Au-P bonds at 2.239(1) Å for Au(1)-P(1) and 2.233(1) Å for Au(2)-P(2) are of comparable lengths to those in (Ph 3 P)AuCl (2)) and thus longer than in both reference compounds (2.279(3) Å in (Ph 3 P)AuCl and 2.276(6)/2.273(6) Å in (Me 2 PhP)AuCl). Apparently, the gold-gold interaction leads to steric stress, so that steric repulsion between the ligands occurs. This leads to P-Au-Cl angles of 175.0(1) • (P(1)-Au(1)-Cl(1)) and 172.5(1) • (P(2)-Au(2)-Cl(2)), which are smaller than in the almost linear (Ph 3 P)AuCl (P-Au-C: 179.7(1) • ) and also smaller than in (Me 2 PhP)AuCl (P-Au-C: 177.2(3) • and 175.4(2) • ). However, based on these purely structural data we cannot exclude intra-molecular hydrogen bridges (methyl-H···Cl(1) 2.84 Å, o-H···Cl(2) 2.80(1) Å) to be an alternative explanation.
5,11,17,23-Tetrakis(tri-o-tolylphosphane-goldethynyl)-25,26,27,28-tetra-n-propoxycalix[4]arene (3)
The molecular structure of (o-Tol) 3 PAu-CCcalix [4] areneOPr (3) was determined by X-ray diffraction of a single crystal belonging to the triclinic space group P1 and is shown in Fig. 3 , selected struc- 
2.000 ( [4] arene (9) The molecular structure of (t-Bu) 3 PAu-CCcalix [4] areneOPr (9) was determined by X-ray diffraction of a single crystal belonging to the tetragonal space group I4 1 /a and is shown in Fig. 4 , and selected structure parameter values are listed in Table 3 .
The crystal contained highly disordered different solvent molecules (one C 6 H 5 F, two CHCl 3 and two Table 3 . Selected bond lengths and angles of 5,11,17,23-tetrakis(tri-t-butylphosphane-gold-ethynyl)-25,26,27,28-tetra-npropoxycalix [4] arene (9) . As in 3 none of the Au···Au distances, intra-or intermolecular, is short enough to provide evidence for attractive aurophilic interactions. The shortest intramolecular Au···Au separation Au(1) and Au(1 ) is 7.610(1) Å, the shortest intermolecular Au···Au distance is 5.817(1) Å. 
Evaluation of receptor properties
Due to the fact that in the crystal structures of both, compounds 3 and 9, the gold atoms are placed at the upper rim of a chalice-like tetraethynyl-calix [4] arene and are held at a distance, so that they do not interact aurophilically with one another, there is an unquenched potential of acceptor quality for aurophilic, or generally metallophilic, or other dispersive interactions. Although each of them might be weak, the concerted action of four of them plus the pre-orientation of the system, made it worthwhile investigating the possibility of receptor properties of such compounds.
To cut a long story short, all experimental attempts in this direction failed so far. We tried to offer small triorganylphosphane-gold chlorides, in the expectation, that their gold atoms would be interspersed between those of the gilded calixarenes, but did not observe significant changes in the NMR spectra of solutions of mixtures relative to those of the individual components in the same solvents, neither could we isolate any solid material from such experiments other than the starting materials. In this context we employed phosphane-gold chlorides with sterically demanding substituents at phosphorus, which are known not to be stabilised by aurophilic Au···Au contacts in the solid [(o-Tol 3 P)AuCl, (Ph 3 P)AuCl and (tBu 3 P)AuCl], so they could gain energy by formation of Au···Au interactions with the gilded calixarenes, but also (Ph 2 MeP)AuCl (structure see above, by interspersion the number of Au···Au interactions could be doubled) and (Me 3 P)AuCl (an equal number of Au···Au interactions would be formed on interspersion of four molecules into one gilded calixarene).
As these experiments were unsuccessful, we turned to a different kind of closed-shell interaction to be explored. Namely, a formal d 10 -p 6 interaction between a coordinatively saturated and an uncharged Au(I) species and the noble gas xenon. Gold-xenon interactions have been in the focus of both theoretical and experimental investigations previously. In 1995 Pyykkö has reported a strong bonding potential between Xe and ionic Au + which predicts an energetic minimum species showing a largely covalent bond type [50] . Some years after this prediction in 1998 clear experimental evidence for the existence of XeAu + was found [51] . After some time, a whole series of various Au-Xe compounds was prepared and characterised by Seppelt and co-workers, containing gold atoms in formal oxidation states of +I or +II and xenon atoms bound in a largely covalent manner [52 -54] . To the best of our knowledge there are no theoretical or ex-perimental studies about purely closed-shell type interactions between a coordinatively saturated and uncharged Au species and Xe published as yet. Due to its four Au atoms the here reported gilded calixarene complexes appear to be well-suited candidates to act as chelating tetradentate acceptors for one xenon atom. To test the plausibility of such a coordination mode we have undertaken high-level ab-initio calculations on a closely related model compound. We have chosen PH 3 as a sterically and computationally less demanding ligand for Au, and the ether substituents were replaced by fluorine atoms (10) . Due to its higher electronegativity compared to alkoxy substituents we expect to get an upper estimation for the interaction energy between gold and xenon atoms, since the interaction energy will increase with increasing positive polarisation of Au. A geometry optimisation has yielded a minimum structure shown in Fig. 5 were two gold atoms are approaching a xenon atom by 3.937 Å (the sum of the van der Waals radii of gold and xenon with 3.82 Å is only slightly below this value), while the other two gold atoms appear to interact not significantly with the xenon atoms (d(Au···Xe) = 9.623 Å). In the optimised structure the basic conformational properties of the gilded calixarenes are still retained - Fig. 5 (color online) . Predicted structure of a complex of a xenon atom to a tetra-aurated calixarene molecule with four -C≡C-Au-PH 3 groups and fluorine substituents (10) . The Xe-Au distance found is 3.937 Å, and the energy of formation amounts to 9.6 kJ mol −1 . The overall molecular symmetry is C 2v . a pinched cone conformation, i. e. the molecule acts as a bidentate chelating acceptor rather than a tetradentate one. The gain of energy by formation of the Xe-(gilded calixarene) complex is calculated to be 9.6 kJ mol −1 . A similar gain could be expected for the other two gold atoms, if bonded to xenon as well, but obviously the change in conformation is more costly in energy than the resulting gain. Weak closed-shell van der Waals complexes between xenon and metal-free calixarene complexes have been investigated in solution with 129 Xe NMR spectroscopy using hyperpolarised Xe [55] . This method appears to be well suited for a future experimental characterisation of the proposed d 10 − p 6 Au-Xe interaction.
Conclusion
We have successfully demonstrated that molecules with four gold atoms pre-oriented to one side of a semirigid calix [4] arene skeleton can be synthesised with a variety of different triorganylphosphane groups. Two of these compounds could be crystallised and their structure determined by X-ray diffraction. Both show the presence of a pinched-cone conformation of the calix [4] arene skeleton leading to a shorter and a longer Au···Au distance across the molecule, but all Au···Au distances are too long to be attributable to attractive aurophilic interactions. The resulting unquenched receptor potential by means of the formation of four (or more) weak dispersive type interactions with suitable guest molecules have been explored by reacting the described gilded calix [4] arenes with a variety of phosphane gold chlorides and also elemental xenon under elevated pressure. Because in none of these experiments interactions between guest molecules and gilded calix [4] arene hosts could be observed, although highlevel calculations for a model xenon complex with small phosphane ligands at the receptor suggest the possibility of formation and stability of the product, it seems likely that the steric repulsion of the larger substituents used in the experiments energetically overrules the complexation energies. Further work is therefore necessary either to reduce the steric bulk and use compounds such as 7 with Me 3 P substituents in the complexation experiments or to use different skeletons for binding the gold atoms, which have smaller Au···Au spacings and do not have to change their conformation too much.
Experimental Section
All manipulations were carried out under dry nitrogen with standard Schlenk and high-vacuum techniques or an MBraun UNILab glove box operated under argon. Solvents were purified and dried by standard methods immediately prior to use. 5,11,17,23-Tetraiodo-25,26,27,28-tetra-n-propoxycalix [4] arene was prepared according to a literature procedure [40] . Tri-o-tolylphosphanegold chloride [56 -58] , triphenylphosphane-gold chloride [59] , diphenylmethylphosphane-gold chloride [60] , tricyclohexylphosphane-gold chloride [61] , and tri-tbutylphosphane-gold chloride [47, 62] were prepared along the lines of established protocols. All other chemicals were obtained from commercial sources and used without further purification. NMR spectra were recorded in CDCl 3 with a Bruker DRX 500 spectrometer. All NMR shifts were referenced to the residual peaks of the used solvents except 29 Si which was referenced to SiMe 4 , and 31 P which was referenced to 85 % H 3 PO 4 as external standard. Mass spectra were recorded with a Bruker Esquire 3000 spectrometer. Melting points were determined with a Büchi 545 instrument and are uncorrected. IR spectra were recorded from samples prepared as KBr pellets on Bruker Vector 22 and Shimadzu FT-IR 8400S instruments. Elemental analyses were performed using a LECO CHNS 932 instrument.
General procedure for the synthesis of tetra-aurated calix[4]arenes
To a solution of 5,11,17,23-tetraethynyl-25,26,27,28-tetra-n-propoxycalix [4] arene (1 eq., usually: 0.1 -0.3 mmol) and the phosphane gold(I) precursor (R 1 R 2 2 P)AuCl (4.2 eq., R 1 R 2 2 P = o-Tol 3 PAuCl, Ph 3 PAuCl, Ph 2 MePAuCl, PhMe 2 PAuCl, Me 3 PAuCl, Cy 3 PAuCl, t-Bu 3 PAuCl) in 40 mL thf was added a freshly prepared solution of sodium ethanolate in 15 mL ethanol (5 eq. Na). After stirring overnight the solvent was removed and the residue extracted with dichloromethane. The organic phases were combined, dried over Na 2 SO 4 and concentrated. Upon addition of n-hexane the product precipitated as a yellowish powder which was then dried in a vacuum. 
